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THE EFFECTS OF TWO TYPES OF FRONTAL LESIONS 
ON REVERSAL LEARNING AND ACTIVITY LEVEL IN RATS 
The role of the frontal cortex in the rat is ambiguous. Primate data 
(Warren, 1964) indicate that frontally lesioned rhesus monkeys are deficient 
in delayed response and reversal learning, and are also hyperactive. Reversal 
learning is perhaps more consistently disturbed across species by frontal 
ablations than any other frontal task. Ablation of the frontal pole in rats, however, 
has produced contradictory results. Parker (1966) and Dabrowska (1964a; 1964b) 
found a deficit in spatial reversal learning with frontal pole lesions in rats. However, 
Lukaszewska (1970) and Divac (1971) found no deficits in rats with frontal pole lesions 
on similar tasks. Albe:rt and BigT1ami (1968) found deficits in rats with frontal· 
lesions on a two..,way a voidance learning reversal. Of special interest in this 
study is the fact that although rats with frontal pole lesions were impaired, rats . 
with antedor median cortical lesions were even more severely impaired. Similar 
defi.cits after anterior median lesions were observed by Barker and Thomas (1966) 
on an alternation task and by Divac (1971) on a spatial reversal retention task. 
Recent neuroanatomicalwork by Leonard (1969) offers a possible answer to 
the seemingly paradoxical role of the frontal pole in rats. In monkeys much of the 
frontal cortex receives projections from the dorsa-medial thalamic nucleus (MD) 
(Akert, 1964) •. While earlier nenroanatomists (Clark and Boggoilr 1933; La.shley, 1941; 
Kreig, 194 7) m:aintained that MD projects to the cortex on the frontal pole of the 
rat, Leonard reports that MD projects to the mediancortex anterior and dorsal 
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to genu corporis callosi and to the lateral suprarhinal strip. Destntction of the 
cortical field to which MD projects impairs performance on spatial discrimination 
reversals in monkeys (Butter, 1969) and cats (Warren, Coutant, and Cornwell, 1969). 
Leonard's results suggest that the lack of homogeneity between the behavior of 
frontal pole lesioned rats and frontally lesioned monkeys may be due to the fact 
that the rat frontal pole does not receive thalamic cortical projections from MD. 
It would not therefore be honi.ologous to the frontal cortex iri monkeys. Rats with 
frontal pole lesions may be impaired on reversal learning tasks only in so far as 
the ablations include the field that receives thalamic cortical. projections from MD. 
Deficits found with anterior median· cortical lesions support the idea that this . 
area may directly receive projections from MD. 
'The effects of frontal lesions on the activity levels of different species vary. 
In studies of rhesus monkeys hyperactivity is a typiCal symptom of frontally lesioned · 
animals (French:, 1959). This symptom, however, is not found in either carnivores· 
(La.wicka and Kono:rski, 1959; 1964) or New World monkeys (Miles and Blomquist, 1960). 
Some studies on frontal pole lesioned rats (Richter and Hawkes, 1939; Zubek and 
DeLorenzo, 1952) show increases in activity as measured by activity wheels •. That 
this hypermotility is not a generalized change, but rather may be restricted to 
running wheels is suggested by the absence of increased activity by frontal pole 
lesioned rats in open field apparati (Glickman, Sroges, and Hunt, 1964; Biel and 
O'Kelly, 1940). GHckmari. et al hypothesized that the change producedwas in 
reactivity to novel stimuli rather than basal activity level. Similar explanations 
have been advanced (Pribram, Ahumada, Hartog, and Ross, 1964; French, 1959) 
to account for the fact that the frontally lesioned rhesus monkeys are far more 
hyperactive in an unfamiliar situation. Campbell and Lynch (1969), however, 
faHed to find support for this hypothesis. They found frontal pole lesioned rats 
significantly increased spontaneous wheel running but no increase was found in 
daily stabilimeter activity. Discrepancy in familiarity with environment was not 
present in their experiment, but activity differences were. Thus, the effect of 
frontal pole lesions on the activity level of rats is rather obscure. 
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The purpose of this experiment was to compare traditional frontal pole 
lesions (FP) with lesions of the median dorsal nucleus projection (MDNP) described 
by Leonard. First, a comparison was made on the retention of spatial discrjmina·· 
tion learnh1g and the nevv learning of spatial discrjmination reversal., between these 
two groups of frontally 1esioned rats. !twas hypothesized that the most severe 
deficits in spatial reversal learning would be shown in rats receiving MDNP lesions · 
since this area of the rat cortex appears to be homologous to the frontal cortex of · 
higher species according to Leonard's results. Second, activity was measured on 
two post-operative occasions, before and after the reversal learning tasks, in both 
a familiar and an unfamiliar environment. 
Method 
Subjects 
The subjects were 35 CFH strain hooded male rats weighing 233-288 grams at 
the time of surgery. 'They were housed individually with free access to water at all 
times. Before the experiment began the rats were given free access to Purina rat 
chow and were weighed daily for seven days to determine their baseline weights. 
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During the experiment the animals were kept at 95% of this baseline weight, + 5 grams. 
The rats were fed daily 30-:45 minutes after testing. 
_S!Jrgery 
The rats were operated on under clean but not sterile conditions. They were 
anesthetized with ether. Lesions were made by placing the animal in the head holder 
of a stereotaxic instrument. The skin over the skull was incised, retracted and the 
skull was opened. ' Both FP and MDNP lesions were made by subpial aspiration. 
Approximate intended coordinates ·for the anterior medial portion of the MDNP lesion 
were: 0. 8mm lateral, from 1 mm to 6 mm anterior to bregma, and 2. 0 mm deep 
from the skull. The remainder of the MDN'P lesion consisted of removing the cortex 
anterior tobregma on the suprarhinal strip; Care was taken that the FP and MDNP 
lesions did not overlap. 
All animals were given seven days for recovery before testing began. Six 
' 
f· anirllals died either during surgery or during the recovery week: five animals in 
the MDNP group and one animal in the PPgroup. This left eight rats in MDNP and 
'10 rats in FP. There were also 11 :tats in an unoperated control group (C). 
Histology 
The lesioned rats were sacrificed with an overdose Of Nembutal, perfused 
with saline and 10% formalin, and the brains removed. The brains were put into 
formalin until they were in'lbedded in albumin and cut frozen at a thickness of 701-(. 
The sections were stained with cresylviolet acetate. Ten sections were obtained 
from each brain separated by 0. 8 mm distance. These sections were .used to 
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reconstruct graphic representations ofthe extent of the lesions. Figure 1 shows 
the maximum flnd minimum for each of the two lesions, MDNP and FP. Although 
the MDNP lesions were intended to remove no more cortical tissue than the FP 
lesions, excessive damage to cortical tissue did occur, probably due to degener-
ation and/or unintentional vascular damage. Histological analysis indicated that 
the MDNP lesions were larger than the FP lesions. 
Upon removal .of the brains it was found that the lesions of two MDNP animals 
were irregular. Subject #10 had an apparent infection of the cortex on one hemis-
phere and Subject #30 had extensive subcorticaldamage. Both of these animals' 
data was discarded frorrithe analysis. 
Desi@ 
The effects of frontaJ lesions on reversal.learning was tested using a com-
pletely randomized factorial design with two treatments:. type of lesion (A) and 
reversal task (B). There were three levels of independent variable A: FP lesions, 
MDNP lesions, and the unoperated controls (C). Independent variable B, the 
reversal task, had four.lev:els: Reversal!, 2, 3, and 4. 
TI1e effects of frontal lesions on activity level was tested using a split-plot 
factorial design with one between-block treatment (type of lesion - A) and two 
within...;block treatments.(testing blocks - B, and day of testing- C). 
Apparatus 
1. A Y -maze was used for the spatial discrimination learning task (See Figure 
2). The inside of the maze was painted flat grey~ . Doors at the arms of the maze 
were made of plywood and the door at the start box was made of transparent plexiglass. 
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2. The free field maze used for both handling and an activity measure was 
a large square box (30 inches) with high sides (ll 3/4 inches) and with the bottom 
marked off into 5 inch squares. 
3. The photocell cage was a double Wahman cage with a photocell mounted 
on the back and a photocell mounted on one side. When the animal broke a light 
beam which projected on the photocells through an infrared filter, a count was 
recorded. 
4. Testing in the Y -maze arid oil the two activity measures was done in a 
semi-soundproof room that had a constant visual background to eliminate extraneous 
cues. Taped White noise was used to mask background noise. Each individual animal 
was tested at the same time each day, six days a week. 
Procedure· 
. . 
Rats were prehandled for three minutes a day for twelVe days before testing. 
. . 
Noyes pellets (45 111g) were introduced by having twelve of them available in the 
handling box. Any pellets not eaten during the three minute handling period were 
placed in the animal's home cage. During the three minute handling period the rat 
was picked up every 15 seconds then placed back in the center of the box near the 
food pellets. 
After handling, training on the spatial discrimination began. The rat was 
placed in the start box of the Y -,maze faCing the transparent door at the start of 
each trial; after the animal oriented toward the door, the door was opened and .the 
animal was allowed to walk down the maze and enter one goal box. One half of the 
animals were assigned to each goal box on a random basis. A restriction was made 
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on the randomness to insure that 50% of the animals went to each goal box. When the 
animal entereq the goal box the door was closed and he was allowed to remain. in the 
goal box for one minute. Correct choices were rewarded with twelve Noyes pellets. 
The unrewarded goal box had twelve. pellets also but these were covered with 
screen wire to make them unobtainable to the rat. This controlled for odor cues. 
'I'he animals V{ere tested on five noncorrection trials per day, with intertrial intervals 
of approximately fifteen seconds, to a criterion often consecutive correct choices. 
Rats were then matched by subjects on number of errors to criterion so as to 
obtain three comparable groups~ One group re~eived FP lesions (eleven rats minus 
the one that died), while another group received MDNP lesions (thirteen rats minus the 
five that died). The third gl~oupof eleven rats was the u:noperated control. After 
seven days of recovexy animals were given three days of testing in the activity 
devices. Each rat was tested on each device for three minutes each day. Order 
of testing in the tWo devices was counterbalanced both between and within groups. 
In the free field maze activity was measured in two ways: by counting the 
number of squares entered and by counting the number of rearings exhibited during 
the three minute activity period. Entering a square was defined as three paws or 
more than half of the body in a square. Rearing was defined as lifting the front 
t:Wo paws off of the floor and balancing ori the hind paws. Another rearing could 
not be counted until the rat had puthis paws back on the floor and re-lifted them. 
Following the three days of activity testing, retention trials were run on 
the spatial discrimination~ After again reaching c'riterion on the original dis-
crimination, animals were tested on a series of four reversals. Activity was 
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again measured for three days following completion of the fourth reversal task. 
In summary, the procedure was as follows: 
Prehandling - 12 days 
Original spatial discrimination (0. D.) 
Surgery 
Recovery period - 7 days 
Testing block 1 of activity - 3 days 
Retention task (R. L.) 
Reversal spatial discrimination(R#l;, R#2, I\#3, R:f./:4) 
Testing block 2 of activity - 3 days 
·Results 
Results are reported for 27 subjects: six MDNP, 10 FP and 11 C. These 
three groups were comparable on number of errors in the original spatial dis-
crimination. Since a s.tngle error made after a f.le:ries of perfect runs may 
disproportionately increase the number of trials, total errors to criterion was 
used as the measure of the independent variable. 
The retention ofthe original spatial discrimination task was found to have 
been significantly q.ffeeted by the surgical procedures (F (2,. 24) = 5. 11, p < 0. 05). · 
Using Tukey's Honest Significant Difference (HSD) multiple comparison test, 
MDNP was found to perform significantly worse (p< 0.05) than either FP or C. 
FP and C did not differ significantly~ Appendix 1 shows the raw data for original lea:rni.ng1 
retention, and reversal learning. 
Analysis of variance for errors to criterion in reversal learning revealed 
both a significant s-roup difference (F (2, 24) = 4.15, p < O. OS) and a significant 
trials difference (F(3,72) = 3. 92, p< 0. 05). Multiple co1nparisons, again using 
Tukey's HSD test, showed that all three groups, MDNP, FP, and C significantly 
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differed from one another (MDNP > FP >C). The MDNP- C difference was 
significant at the < 0. 01level. The other differences were significant at the 
< 0. 05 level. See Table 1 for a summary of the analysis of variance. 
Crossings in the activity box did not differ significantly among groups. 
However, activity testingblocks showed a significant change (F(1, 24) = 5. 0, p <0. 05) 
with number of crossings increasing in the second testing period. The groups 
by testing blocks interaction was significant (F (2, 24) = 18.27, p < 0. 01). A 
simple effects analysis of this interaction showed that the C group was signifi-
cantly lower than the other two groups during the first testing block. During the 
second testing block there were no significant differences betwe~n the three 
groups. Three days ofactivity were measured during each testing block.·· A 
significant interaction (F (tl, 48) "' 3. 33, p < 0. 05) occured between groups and 
' . 
days. The simple effects analysis showed that. MDNP activity box crossings 
increased over the three days of testing while FP and C did not change. A 
summary table for the analysis of variance for the activity crossings data is 
shown in Table 2. These results are graphed in Figure 3. 
Likewise, rearings in the activity box did not differ significantly among 
groups. Activity testing blocks did show a significant effect (F(l, 24) = 13. 26, 
p < 0. 01) with number of rearings increasing in the second testing period~ The 
groups by testing blocks interaction was also significant (F (2, 24) = 4.11, p < 0.05). 
Simple effects analysis showed that this interaction was due to the groups being 
significantly .different during the first testing block (with C > FP> MDNP) but than 
approximating similar level during the second testing block. The effect ofdays 
was significant (F (2, 48) = 6. 96, p < 0. 01.); all groups increased rearings over 
Table 1 
Analysis of Variance 
Reversal Learning 
Source df 
Between. Subjects 26 
A (type of lesion) 2 
Subjects within Groups 24 
Within Subjects 81 · 
B (reversal tasks) 3 
AB 6 
AB x Subjects within Groups 72 
** p < 0.01 
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the three days of activity testing. Table 3 shows a summary of this analysis 
of variance. These results are graphed in Figure 4. 
Unlike the other two activity measures, activity in the photocell box did 
show a significant group effect (F (2, 24) = 3. 91, p < 0. 05). The FP group had 
the highest activity but none of the comparisons were shown to differ signi-
ficantly with theTukey's HSD multiple comparison test. The testing blocks 
by days interaction was significant (F (4, 48) = 6. 04, p < 0. 01) as was the 
three-way interaction of groups by testing blocks by days (F (4, 48) = 4. 51, p < 
. . 
0. 05). This analysis is presented in summary in Table 4. The results are 
gra:J?hed in Figure 5. Raw data for activitybox crossings, activity box rearings, 
and photocell activity are shown in Appendices 2, 3, and 4 respectiVely. 
Discussion 
It was noted earlier that histological analysis showed that the MDNP 
lesions were larger than the FP lesions. Thus greater impa:irment of the MDNP 
group might be due to the larger size of their lesions. Lashley (1929) demon-
strated that amount of cortex removed is related !n a. positive linear fashion to 
number of maze errors. Perhaps the MDNP group made more errors because 
more cortex was removed. However, this is probably not the case since size 
of lesion across groups was ranked and no significant correlation between siZe 
of lesion and number of errors was found (Spearman rank-order = + 0. 361, p > 
o. 05). 
The signliicant deficit .on the retention of the spatial discrimination learning 
task by MDNP is puzzling. The most obvious explanation would be that the MDNP 
Table 3 
Analysis of Variance 
. Activity Box Rear:ings 
Source 
BetWeen Subjects 
A (type of lesion) 
Subjects within Groups 
Within Subjects 
B (testing blocks) 
AB 
BxSWG 
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Table 4 
Analysis of Variance 
Photocell Box Activity 
df MS f 
26 
2 2,733.00 3.91 * 
24 697.99 
135 
1 1~820.05 2.87 
2 207.90 <1 
24 633.08 
2 13.02 <1 
4 9. 17 <1 
48 130.56 
2 207.25 6. 04 ** - -~ ---···-~ 
4 154.73 4. 51 * 
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animals forgot the original discrinlination and had to relearn the task. Extensive 
damage to the prefrontal cortex in other species, however, does not appear to 
affect learning and retention of simple responses; a deficit becomes noticeable 
primarily when the experimental paradigm demands that the subject respond to 
information that was present previously butts not available at the time of the 
response, such as delayed response or reversal learning (Grossman, 1967). 
Finan (1939) concluded that the deficits observed in the delayed-response experi-
ments COllld not be caused by a simple impairment. of short-term memory since 
the prefrontal monkeys used in the experiment could solve other problems involving 
short-term memory. Thus, it seems unlikely that the MDNP group performed worse 
· because of a memory ddicit, unless the memory deficit is a result of damage to 
these cortical areas (suprarninal strip and anterior median) which. have not been 
. . : . . 
previously explored. ···If a memory deficit does truly occur, it would not be consistent 
with the functional properties of frontal cortex in other species. 
The hypothesis that the niost severe deficits in spatial discrimination 
reversal learning would be shown by the MDNP group was. supported. MDNP was 
significantly worse than either of the other groups, FP and G. FP was also sig-
nificantly worse than C. 1bese results correspond well with those found iii · 
frontally lesioned ·monkeys and suggest that MDNP is homologous to frontal 
cortex in higher .mammals •. However, this hypothesis does not explain why the 
FP group also performed more poorly than the C group. One possibility might be 
that the FP lesions infringed upon some of the MD projections, which, although 
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concentrated inthe regions of the MDNP lesion, may be found to occur in much 
lighter concentration in the FP area. (Leonard, 1969). The lack of clarity between 
the FP and the MDNP lesions leaves all explanations rather ambiguous. 
Interpreting the results of the reversal data is made more difficult because 
the MDNP's were inferior on the retention of the spatial task. Therefore, their 
difficulty might not be related to the reversal aspect of the task but rather to a 
learning difficulty. It does not appear that there is a relationship between perfor-
mance on the retention task and the reversal tas;ks. Pearson's product-moment 
correlation coefficients were performed and no significant relationships between 
retention errors and errors on each reversal task were found (RL and R#l, r = 
+0 046 RL d R#2 0 -- · - ~ • .r.. "~ n AAI"I l'lT r1 Di:tA . . ; an . 1 r = - • 016; KL ana K'lf6, r = - u. Uu7; n.u anu J.,·r~, r = 
+0. 434). 
1he second finding in regard to the reversal learning task was that all 
groups improved significantly over the four reversals. This is expected in most 
learning situations including lesion studies, and is often referred to as the 
"learning to learn" phenomena (Harlow, 1949). 
While neither actiVity box: measure, crossings or rearings, showed a. 
significant group effect, the photocell activity measu1·e did. It :revealed the FP 
group and the MDNP group to be higher in activity than the C group. This reaffirms 
the finding of Glickman et a1(1964) that in a novel environment frontallylesioned 
rats will increase their activity level but not do so in afamiliarenvironment. The 
photocell box was novel to the animals whereas the activity box in which both 
rearings and crossings were measured was the same box the animals had been 
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prehandled in for twelve dttys. · This also lends support to Pribram et al's (1964) 
explanation of frontal animals being more hyperreactive to novel stim·uli. 
It is possible that the FP and MDNP lesions selectively affected activity 
in a way not detected by these rather gross activity measures. The experimenter 
noticed various patterns of activity appearing in some of the NIDNP animals 
(i.e., remaining close to the walls of the box, falling over backwards, attempting 
to escape from the box; perseveration of movements). Although these "activities" 
were not objectively measured, a clearer picture of the effects of frontal pole 
lesions and MDNP lesions upon activity could be developed if· both quantitative 
and qualitative measures of various finer activity measures were used. 
It is quite conceivable that attentional changes rnight have been responsible 
for the irnpai:r,ed performance of the lesioned groups on the reversal learning 
and the retention'task. For example, attention directed toward various aspects 
of the Y-maze could have interfered with the retrieval of the correct response 
to which the animal should have been attending. Before the question of poorer 
reversal learning can be explained, closer analysis of activity chances and atten-:-
tional changes needs to occur. 
The effect of days of testing (firstt second, and third day) was significant in 
the rearing measure of activity with rearings increasing in a linear fashion over 
days. This is probably a spurious finding. The experimenter noticed that the 
animals frequently tried to get out of the activity box; this increased as the 
animals became more familiar with the box. The sides of the box were only 113/4 
inches high thus facilitating these mature rats trying to climb out of the box by 
rearing near the walls. Walls at least 50% higher should be used in an actiyity 
box of this kind with.mature rats. 
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An explanation of the unexpected activity interaction effects in both the 
activity box and the photocell apparatus is not obvious. Both crossings and 
rearings in the activity box showed a significant groups by testing blocks inter-: 
action. By referring to Figures 3 and 4 it can be seen that the differences 
between activity levels of groups during the first testing block were essentially 
cancelled bythe second testing block. Thus, it would appear that the effects 
of both lesions, FP and MDNP, on activity in the open field maze is transitory~ 
Approximately ten weeks had elapsed between the two testing blocks. Other 
researchers have found similar recovery of function phenomena after frontal 
lesions (Stamm, 1964; French and Harlow, 1955). Their frontally lesioned 
rhesus monkeys showed increased activity which dissipated overthe course of 
the experiment. 
The groups by days interacti.on found inthe activity box crossings is not 
easy to explain. The MDNP group increased in activity over the three days of 
testing while FP and C did not change. Varying habituation rates between groups 
·is possible but improbable· during such a short span of time (total time of activity 
measured was 24 minutes). There may be a difference in habituation levels 
among the various groups but the data does not allow for this possibility to be 
tested. The interaction does not implicitly point to this interpretation but suggests 
that it rna y be a factor. 
The photocell activity measure showed a significant two .. way interaction 
between teSting blocks and days and a three-way interaction between groups, 
testing blocks, and days. Possible explanations for this finding could include 
seasonal changes in rats' activity levels (Marler and Hamilton, 1967). The MDNP 
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group, because of taking more time to complete the reversals, were run on the 
average about one month longer than the C group. FP fell between these two 
groups in time finished. C group was run from the first of April until the end 
of May while MDNP, also Starting the first of April did not finish until the end 
of June. If the rats' activity level:was changing because of the seasonal change 
then tlus might account for some of the unexpected activity interaction effects. 
. . 
111 summa;ry, a comparison was made between rats With FP lesions and rats 
with MDNP lesions on spatial discrimination reversal learning and activity. Results 
indkateci that MDNPperformed significantly worse on a retention task as well 
as on a series of four reversals than either FP or C. There was also a significant 
group difference in activity on a novel photocell activity measure but not in a 
familiar open field maze. 'I'hese results correspond well with those found in 
frontally lesioned primates and carnivores and suggest that MDNP may well be 
homologous to frontal cortex of higher mammals. However, the MDNP lesions· 
were less precise than intended, obscuring the interpretation of the results. 
Closer examination of the activity changes and more precise lesions Will be 
necessary to further clarify the role. of the frontal cortex in the rat. 
References 
Akert, K. Comparative anatomy of frontal cortex and thalamofrontal 
connections. In J. M. Warren and K. Akert (Eds.) Tl~~ _!rontal 
_granular corte~ ail·~- behavior. New York: McGraw-Hill, 1964. 
25 
Albert, M. and Bignam.i., G. Effects of frontal, median cortical, and 
caudate lesions on two-way avoidance learning in the rat. Physiology 
·and Behavior, 1968, ~ (1), 141-147. _,....._,..,..._ 
Barker, D. J. and TI1omas, G. J. Effects of regional ablati.on of midline 
cortex on alternation learning by rats. Physio!ogy_art~ Beha_yior, 
1966, ]:, 313-317. 
Biel, W. C. and O'Kelly, L. I. The effect of cortical lesions on emotional 
and regressive behavior In the rat I. Emotional behavior. Journal 
~~ Comparat}ve Psychology, 1940, 30, 221-240. 
Butter, C. M. Perseveration in extinction and in discrimination reversal 
tasks following selective frontal ablations in macaca. mulatta. P~ysiol~gy. 
and Behavior~ 1969, _±, 163-171. 
Campbell, B. A. and Lynch, G. S. Cortical modulation of spontaneous activity 
during hunger and thirst. Journal of Comparative and Physiologkal 
Psychology, 1969, 67 (1), Ts-22. -------- · · · 
Clark, L. W. and Boggan, . R. H. On the connection of the medial cell 
groups of the thalamus. Brain, 1933, 56, 83-98. 
Dabrowska, J. Multiple reversal learning in frontalrats. Acta ~obiologic~:... 
Experentias (Warsaw), 1964a, 24, 99-102. 
Dabrowska, J. Reversal learning in frontal rats. Acta Neurobiologica 
Experentias (Warsaw), 1964b, 24, 19,-26. 
Divac, J .. Frontal lobe system and spatial reversal in the rat. Neuropsycho-
logia, · 1971, 9, 175-183. 
Finan, J. L. Effects of frontal lobe lesions on temporally organized behavior 
in monkeys. Journal of Neurophysiology, 1939, 3_, 208-226. 
26 
French, G. M .. Locomotor effects of regional ablations of frontal cortex 
in rh~sus monkeys. Journal ~f Comparative an~ Physiological 
ysychology, 1959, 52, 13-24. · 
French, G. M. and Harlow, H. F. Locomotor reaction decrement in normal 
and brain damaged monkeys. Journal of Comparativ~ anc;_l Physio-
logical Psychology, 1955, ~' 496-·501. · · 
Glickman, S. E., Sroges, R. arid Hunt, J. Brain lesions and locomotor 
exploration in the albino ra:t. Journal of Comparative and Physio-
logical Psychology, 1964, 58,··93-100.- --.-·------·---
Grossman, S. P. A textbook ofphysiological psychology. New York: John 
· Wiley and Sons, 1967,719-754. 
Harlow, H. F. The formation of learning sets •. Psychological_Review, 
1949, 56, 51-65. -·-
Kreig, W. J. S. Connections of the cerebral cortex I. The albino rat 
extrinsic connections .. Journal~ Comparative_ Neurology, 
1947' 86, 267-394. 
Lashley, K. S. Brain mechanisms and intelligence: A quantitative study of 
injuries to the brain. ·Chicago: University ofChicago Press,--1929-: 
(Republished by Dover Press, New York, 1963). 
Lashley, K. S. Thalamocortical connections of therat brain. Journal~·· 
Comparative Neurology, 1941, 75, 67-122. 
Lawicka, W. and KonarSki, J. The physiological mechanism of delayed 
reactions~ III. The effects of prefrontal ablations on delayed 
reactions in dogs. Acta Biologica Experentias (Warsaw), 1959, 
19, 221.,-231. 
Lawicka, W. and Konarski, J. The effects of prefrontal lobectomies on 
the delayed responses in cats. Acta Biologica Experentias (Warsaw), 
1961, 21, 141-156~ . 
Leonard, C: W. The· prefrontal cortex of the rat I. Cortical projection of 
the medio-dorsal nucleus. Brain Research, 1969, 12, 321-343. 
Luzaszewskap I. Frontal rats and some visual tasks. Acta Neurobiologica 
Expe~entias (Warsaw), 1970, 30, 33-42. 
27 
Marler, P. R. and Hamilton III, W. J. Mechanisms of animal behavior. 
New York: John Wiley and Sons, 1967, 59-60. 
Miles, R. C. and Blomquist, A. J. Frontal lesions and behavioral deficits 
in monkeys. Jo~rna_!_ <E Neurophysiology, 1960, 23, 471-484. 
Parker, G. E. Discrimination reversal learning by cortically lesioned 
rats. (Doctoral dissertation; University of California, Los Angeles) 
Ann Arbor, Michigan; University Microfilms, 1967, no. 67-6187. 
Pribram1 K. H., Ahumada, A., Hartog, J., a!ld Ross, L. A progress 
report on the neurological processes disturb~d by froritallesions 
in primates. In J. M. Warren and K. Akert (Eds.) The frontal 
granular cortex and behavior. New York: McGraw-Hill, 1964 .. 
Richter, C. P. and Hawkes, C. D. Increased spontaneous activity and 
food intake produced in rats by removal of the frontal poles of the 
brain. Journal~ Neu:rology~chiatry', .1939, ~ 231-240. 
Stamm1 J. S. Retardation and facilitation in learning by stimulation of 
frontal cortex inmonkeys. In J. M. Warren and K. Akert (Eds.) 
The frontal gn11Ular cortex and behavior. New York: McGraw"" 
1-Iill, 1964."" . - --
Warren, J. M. The behavior of carnivores and primates with lesions in 
the prefrontal cortex. In J. M. Warren and K. Akert (Eds.) The 
frontal granular cortex and behavior. New York: McGraw-Hill, 
1964. -. -. -. - - . 
Warren, J. M~, Coutant, L. W. and Cornwell, P. R. Cortical lesions and 
response inhibition in cats. Neuropsychologia, 1969, ]_, 245-257. 
Zubek, J. P. and DeLorenZo, A. J. The cerebral cortex and locomotor 
activity in rats. Canadian Journal of Psychology, 1952, ·§_. (2), 55-70. 
28 
Raw Data for Reversal Learning 
Errors to Criterion 
S# OD* RL** R #1 R #2 R#3 R #4 
Control Group (C} 
33 3 2 5 3 4 8 
36 4 0 5 3 3 4 
3 5 0 5 4 4 4 
8 7 0 7 7 3 4 
30 7 2 7 5 4 9 
15 6 0 7 5 4 4 
.38 7 0 7 5 3' 3 
4 12 0 8 3 5 2 
22 10 0 3 6 4 1 
39 21 2 8 8 2 2 
23 20 0 4 6 4 5 
-X 9.3 0.55 6.0 5.0 3.6 4.2 
Frontal Pole Group (FPJ 
21 4 1 5 8 5 6 
1 4 1 6 4 7 5 
2 ,6 0 7 15 7 5 
31 5 6 9 7 9, 12 
28 8 2 5 7 8 11 
11 6 '2 11 15 9 5 
6 8 1 6 2 3 4 
18 8 0 .10 7 6 3 
9 15 .5 9 3 5 3 
26 19 5 6 6 6 4 
X 8.3 2.3 7.4 704 6.5 5.8 
Medial Dorsal Nuclei Projection Group (MDNP) 
7 3 0 22 32 17 14 
5 5 o· 3 8 5 5 
35 7 7 13 9 3 5 
40 9 10 5 5 5 8 
12 11 9 6 13 5 14 
34 17 2 8 5 4 5 
X 8.7 4.7 9. 5· 12.0 6.5 8.5 
* Original Discrimination 
* * Retention Learning Appendix 1 
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Raw Data for Activity Box Crossings 
Testing 1 Testing 2 
S# Day 1 Day 2 Day 3 Day 1 Day 2 Day 3 
Control Group (G) 
33 85 102 85 126 114 135 
36 
.. ·.'!'.~ .. 
106 118 100 157 140 126 
·3 126 111 95 110 107 109 
8 68 52 108 71 83 101 
30 108 96 114 110 107 109 
15 105 75 127 129 143 110 
38 123 90 108 146 126 118 
4 94 129 151 125 128 138 
22 73 63 69 129 114 103 
39 62 64 76 21 22 90 
23 97 95 112 109 171 158 
-
X 95.2 90. 5,: 104.1 112.1 114.1 119. 6 
Frontal Pole Gr~mp (FP) 
21 157 139 88 98 96 136 
1 141 130 104 135 138 131 
2 207 135 154 158 168 164 
31 70 106 108 126 125 102 
28 135 129 143 125 148. 122 
11 133 174 96 120 106 92 
6 89 100 83 105 115 93 
18 122 79 85 133 109 110 
9 170 137 149 78 88 98 
26 105 142 57 72 113 .120 
-
X 132.9 127.1 106.7 115.0 120.6 116.8 
Medial Dorsal Nuclei Projection Group (MDNP) 
7 186 201 168 114 188 167 
5 83 103 139 124 98 119 
35 104 62 164 95 108 122 
40 87 116 140 121 167 141 
12 123 94 89 101 108 117 
34 152 177 178 126 105 127 
-
X 122.5 125 .s. 146.3 113.5 129.0 132.2 
Appendix 2 
---------- ---- - --· -------··----~ 
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Raw Datafor Activity Box Rearings 
Testing 1 Testing 2 
S# D51-y 1 Day 2 ·Day 3 Day 1 D~y2 Day 3 
Control Group (C) 
33 33 34 35 44 40 57 
36 29 53 38 53 52 56 
3 37 36 33 33 40 40 
8 24 23 49 25 18 28 
30 30 27 39 44 35 56 
15 39 51 50 47 47 30 
38 38 36 36 41 38 40 
4 43 50 57 42 62 46 
22 46 55 37 43 53 46 
39 17 19 38 8 9 34 
23 42 38 48 32 41 34 
X 34.4 38.4, 41.8 37.4 39.5 42.5 
Frontal Pole Group (FP) 
21 46 31 35 28 37 48 
1 28 29 24 43 45 46 
2 22 42 42 35 34 34 
31 23 22 31 47 45 43 
28 25 27 38 43 38 39 
11 17 . 44 30 36 33 34 
6 35 26 23 46 55 35 
18 37 38 44 39 45 37 
9 41 30 41 32 29 45 
26 34 39 28 23 36 37 
X 30.8 32.8 33.6 37.2 39.7 39.2 
Medial Dorsal Nuclei PrQjection Group (MDNP) 
7 26 30 31 20 29 42. 
5 24 24 36 41 38 48 
35 14 3 26 37 42 48 
40 16 16 17 45 41 43 
12 15 16 19 23 30 35 
34 36 55 49 50 56 53 




Raw Data for Photocell Activity Box 
Testing 1 Testing 2 
S# . Day 1 Day 2 Day 3 Day 1 Day 2 Day 3 
Control G rouE (C) 
33 50 57 60 54 57 69 
36 85 58 68 81 71 89 
3 66 93 79 83 77 74 
8 35 27 34 29 51 43 
30 76 42 69 63 65 79 
15 51 59 53 74 . 47 58 
38 43 52 53 81 65 69 
4 58 86 94 95 66 59 
22 45 56 56 81 84 59 
39 35 50 40 51 61 55 
23 66 46 46 76 80 98 
-X 55~5 56. 9. 59.3 69.8 64.8 68.4 
Frontal P~le Group (FP) 
21 55 78 79 84 84 59 
1 54 42 71 89 100 115 
2 95 92 88 70 88 96 
31 79 . 96 63 102 79 91 
28 67 106 75 80 57 78 
11 61 88 64 70 71 70 
6 93 66 82 83 68 85 
18 78 63 114 67. 75 51 
9 66 81 54 63 69 84 
26 64 56 36 76 55 58 
-X 71.2 76.8 72.6 78.4 74.6 78.7 
Medial Dorsal Nuclei Projection Group (MDNP) 
7 84 65 78 71 78 88 
5 65 62 60 . 56 52 64 
35 45 45 47 55 64 78 
40 87 44 41 62 48 59 
12 39 81 47 75 65 76 
34 83 100 68 81 74 71 














S# 21 S# 1 S# 2 
S# 31 S# 28 S# J.l 
34 
FP Group (cont. ) 
S# 6 S# 18 
S# 9 
-------
